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I. SUMMARY 

Springborn Laborator ies  is  engaged i n  a s tudy of eva lua t ing  

p o t e n t i a l l y  u s e f u l  encapsulat ing materials f o r  t h e  Low-Cost S i l i c o n  Solar  

Array p ro jec t  (LSA) funded by WE. The goal of  t h i s  program is t o  i d e n t i f y ,  

evaluate,  and recommend encapsulant materials and processes f o r  t h e  product- 

i on  of cos t -e f fec t ive ,  long- l i fe  s o l a r  c e l l  modules. 

During t h i s  last q u a r t e r  a survey w a s  made of elastomers f o r  use 

as gaskets  f o r  t h e  photovol ta ic  module.0f t h e  wide variety of materials 

examined EPDM offered  t h e  optimum combination of low compression set and 

l o w  cos t .  

use  as an automobile gasket .  

The preference f o r  EPDM is borne out  by i t s  long h i s t o r y  of 

The commercial a v a i l a b i l i t y  of materials t h a t  would be  u s e f u l  f o r  

s e a l a n t s  between the  edge of t h e  module and t h e  gasket w a s  inves t iga ted .  

Butyl s e a l a n t s  have t h e  b e s t  combination of phys ica l  p rope r t i e s ,  l o w  

cos t  and a well-documented h i s t o r y  of performance. A prefer red  composi- 

t i o n  has not y e t  been i d e n t i f i e d .  

One laminating type po t t an t  ethylene/methyl acrylate copolymer 

(EMA), and two cas t ing  polymers, polybutyl  a c r y l a t e  and polyurethane, 

have been under i n v e s t i g a t i o n  t h i s  p a s t  qua r t e r .  

been developed which i s  easily extrudable  and cures  t o  a high g e l  content.  

An EMA formulation has 

So f a r  only one commercial U.S. source(Quinn) of a l i p h a t i c  poly- 

urethane has  been located.  Work is  continuing t o  improve r eac t ion  ra te  

as w e l l  as t o  eliminate source(s )  of bubble formation during module 

f ab r i ca t ion .  

Considerable e f f o r t  w a s  spent  i n  developing an improved polybutyl  

a c r y l a t e  cas t ing  formulation providing high ge l .  Many v i a b l e  cur ing 

systems are now ava i lab le :  however, t h e  bes t  formulation consider ing 

physical  p rope r t i e s ,  freedom from bubbles as w e l l  as cure  t i m e  u t i l i z e s  

Lupersol I1 ( a l i p h a t i c  peroxide) i n i t i a t o r .  This i n i t i a t o r  gives t h e  

des i red  g e l  a f t e r  20 minute cure  a t  45°C o r  1 2  minute cure  a t  55°C. 

-1- 



11. INTRODUCT&ON 

The goal of t h i s  program is t o  i d e n t i f y  and eva lua te  encapsulation 

materials and processes f o r  t h e  p r o t e c t i o n  o f  s i l i c o n  s o l a r  ce l l s  f o r  s e r v i c e  

i n  a terrestrial environment. 

Encapsulation systems are be ing  i n v e s t i g a t e d  c o n s i s t e n t  w i th  t h e  DOE 

ob jec t ives  of achieving a photovol ta ic  f l a t - p l a t e  module o r  concent ra tor  

a r r a y  a t  a manufactured c o s t  of $0.70 p e r  peak w a t t  ($70/m 1 (1980 d o l l a r s ) .  

The p ro jec t  is aimed a t  e s t a b l i s h i n g  t h e  i n d u s t r i a l  c a p a b i l i t y  t o  produce 

s o l a r  modules wi th in  t h e  r equ i r ed  c o s t  goa l s  by the year  1986. 

2 

To i n s u r e  high r e l i a b i l i t y  and long-term performance, t h e  func t iona l  

components of t h e  s o l a r  ce l l  module must b e  adequately pro tec ted  from the  

environment by some encapsula t ion  technique. 

t o  module functioning inc lude  moisture,  u l t r a v i o l e t  r a d i a t i o n ,  hea t  bui ld-  

up, thermal excursions, dus t ,  h a i l ,  and atmospheric p o l l u t a n t s .  Additionally,  

t h e  encapsulation system m u s t  provide mechanical support f o r  t h e  c e l l s  and 

cor ros ion  p ro tec t ion  f o r  t h e  e l e c t r i c a l  components. 

The p o t e n t i a l l y  harmful elements 

Module design mst b e  based on t h e  use  of appropr ia te  cons t ruc t ion  

materials and design parameters necessary t o  m e e t  t h e  f i e l d  opera t ing  require- 

ments, and t o  maximize costjperformance. 

Assuming a module e f f i c i e n c y  of t e n  pe rcen t ,  which is equiva len t  t o  a 
2 power output of 100 w a t t s  p e r  m i n  midday s u n l i g h t ,  t h e  cap i ta l  cost  of t h e  

modules may b e  ca l cu la t ed  a t  $70.00 p e r  m . 
percent  is a v a i l a b l e  f o r  encapsula t ion  due t o  t h e  high cost of t h e  c e l l s ,  

in te rconnec ts  and o t h e r  r e l a t e d  components. The encapsulation c o s t  a l l o c a t i o n  

may then be  s t a t e d  as $14.00 p e r  m2 which inc ludes  a l l  coa t ings  po t t an t s  

and mechanical supports f o r  t h e  s o l a r  cells. 

2 Out of t h i s  c o s t  goa l  only 20 

a. 

Assuming t h e  f l a t  p l a t e  c o l l e c t o r  t o  b e  t h e  most e f f i c i e n t  design, 

photovol ta ic  modules are composed of seven  b a s i c  cons t ruc t ion  elements. 

These elements a r e  (a) o u t e r  covers;  (b) s t r u c t u r a l  and t ransparent  super- 

s t r a t e  mater ia l s ;  (c) p o t t a n t s ;  (d) s u b s t r a t e s ;  (e )  back covers; ( f )  edge 

s e a l s  and gasket compounds, and ( g )  primers.  Currenr i n v e s t i g a t i o n s  are 

concerned w i t h  i d e n t i f y i n g  and u t i l i z i n g  materials or combinations of ma te r i a l s  

f o r  use as each of t h e s e  e lenents .  

a .  J P L  Document 5101-68 
-2- 



Extensive surveys have been conducted i n t o  many classes of mater ia l s  in 
orde r  to  i d e n t i f y  a compound or c l a s s  of compounds optimum for use as each 

cons t ruc t ion  element. 

The r e s u l t s  of t h e s e  surveys have a l s o  been u s e f u l  i n  generat ing f i r s t -  

c u t  cost allocations for each cons t ruc t ion  element, which are estimated t o  

be as f o l l o w s  (1980 do l l a r s ) :  

Approximate Cost 
Cons t ruc t ion  Elements d. 

Allocation 

. Subs t r a t e /Supe r s t r a t e  7.00 

. Pot t an f  1.75 

. Primer 0.50 

. Outer cover  1.50 

(Load Bearing Component) 

. Back cover 

. Edge seal & gasket 

1.50 

1-85  

From t h e  previous work, i t  became p o s s i b l e  t o  i d e n t i f y  a small number 

of materials which had t h e  h ighes t  p o t e n t i a l  as candida te  l o w  cos t  encap- 

s u l a t i o n  materials. The following c h a r t  shows t h e  materials of current 

i n t e r e s t  and t h e i r  a n t i c i p a t e d  func t ions :  
(d) Alloca t ion  fo r  combination of cons t ruc t ion  elements: $14/m 2 , 

Candidate Encapsulation Materials 

Load Bearing Component Pot t an t s 

Supers t r a  t e Design 

. Soda-Lime Glass . Ethplene/vinyl  a c e t a t e  

.) Ethylene/methyl acrylate 

. S i l i c o n e  534-044(GE) Subs t r a t e  Design 

. Fiberboard . Poly-n-Butyl a c r y l a t e  

. Flakeboard . Al ipha t i c  Polyurethanes 

. Mild s teel  

. Glass r e i n f o r c e d  

( fo r  use i n  both s u b s t r a t e  
and s u p e r s t r a t e  designs)  

concre te  

- 3- 

Cover Films 

Back Covers 

. Mylar 

. Tedlar  

. Aluminum f o i l  

. S t a i n l e s s  s t e e l  
f o i l s  

Outer Covers 

. Tedlar 100 BG 
30 UT 

. 311 X-22417 Acrylic 
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Recent e f f o r t s  have emphasized t h e  i d e n t i f i c a t i o n  and development 

Po t t an t s  are materials which provide a number of of po t t i ng  compounds. 

funct ions,  bu t  pr imari ly  se rve  as a bu f fe r  between t h e  c e l l  and the  

surrounding evironment. 

b a r r i e r  around t h e  c e l l  t o  prevent breakage, must provide a b a r r i e r  t o  

w a t e r  which would degrade t h e  electrical output ,  must serve as a b a r r i e r  

t o  condi t ions t h a t  cause corrosion of t h e  c e l l  m e t a l l i z a t i o n  and in te r -  

connect s t r u c t u r e ,  and must s e rve  as an o p t i c a l  coupling medium t o  provide 

maximum l i g h t  transmission t o  the  c e l l  su r f ace  and opt imize power output. 

The po t t an t  must provide a mechanical o r  impact 

This r epor t  presents  t he  r e s u l t s  of t he  p a s t  q u a r t e r  which has 

been d i r ec t ed  a t  the  continuing development and t e s t i n g  of po t t an t s  f 

ou te r  covers, encapsulation processes and o ther  components and techniques 

which may be  u s e f u l  f o r  t h e  f ab r i ca t ion  of cos t  e f f e c t i v e  s o l a r  modules. 

The top ics  covered i n  t h i s  r epor t  are as follows: 

(1) Solar  module gaskets 

Gaskets are needed f o r  use as the  support ing edge and c a r r i e r  

of t h e  photovol ta ic  module. Manufacturers and o the r  information sources 

are being SurveYedfor sources of gasket mater fa l s .  

c2) Sola r  module sea l an t s  

Sea lan ts  are required t o  seal t h e  edge of t h e  photovol ta ic  

module between the  module edge and the  rubbery gasket surrounding i t .  

Chemical c l a s s e s  and commercially ava i l ab le  products w e r e  surveyed fo r  

use i n  t h i s  app l i ca t ion  

(3)  Pot t an t s  

Inves t iga t ions  of mater ia l s  f o r  use as s o l a r  module po t t an t s  were 

continued. 

cure  systems f o r  t h e  bu ty l  a c r y l a t e  syrup system and i n i t i a l  s tud ie s  were 

begun on a l i p h a t i c  polyurethane syrups. 

an a l t e r n a t e  s h e e t  lamination po t t an t  t o  EVA, w a s  a l s o  continued. 

Emphasis was placed on t h e  determination of low temperature 

Work on ethylene/methyl ac ry la t e ,  

-4- 
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111. SOLAR MODULE GASKETS 

Gasket materials were surveyed f o r  use as t h e  support ing edge and 

carrier of t h e  photovol ta ic  module when deployed i n  t h e  f i e l d .  

of appropr ia te  materials f o r  t h i s  app l i ca t ion  w a s  i n i t i a l l y  based on t he  

inherent  and w e l l  known proper t ies  of elastomers.  The f i r s t  c r i t e r i a  of 

cons idera t ion  being compression set, low temperature f l ex ib i l i t y ,  weather- 

The s e l e c t i o n  

a b i l i t y  and low cos t .  The proper t ies  

i n  general  and r e su l t ed  i n  f i r s t  t ier  

Elastomers re j  ecred 

Natural  rubber 

Styrene/butadiene rubber 

Butyl/halogenated b u t y l  rubber 

NBR 
Polysu l f ide  rubber 

Fluoroelastomer 

Hypalon 

Elastomers s e l e c t e d  f o r  f u r t h e r  
eva lua t ion  

Neoprene 

Ethylene/propylene rubber 

Ethylene v i n y l  acetate 

S i l i cone  

(EPDM) 

of e las tomeric  materials w e r e  reviewed 

candidates : 

Reason 

Poor wea the rab i l i t y  

Poor wea the rab i l i t y  

Poor wea the rab i l i t y  

Poor wea the rab i l i t y  

S ta in ing  

V e r y  high c o s t  

Low temperature f l e x  and cos t  

Reas on 

Good wea the rab i l i t y  

Good wea the rab i l i t y l cos t  

Good wea the rab i l i t y  / cos t 

Good wea t h erab i 1 i t y  

A u s e f u l  document w a s  a l s o  discovered through a l i t e r a t u r e  search on 

materials s u i t a b l e  f o r  s o l a r  module app l i ca t ions ,  e n t i t l e d  "Collector Sealants  

and Breathing". This  w a s  a study r ecen t ly  (February 1980) completed by 

Westinghouse Electr ic  Corporation, P i t t sburgh ,  PA, concerning t h e  performance 

of elastomer gaskets  and sea l ing  compounds f o r  use i n  s o l a r  thermal co l l ec to r  

cel ls .  

i n  labora tory  t e s t i n g  f o r  p rope r t i e s  such as u l t ima te  e longat ion,  compression 

se t ,  hardness and t h e  changes i n  these  values  a f t e r  thermal and hygroscopic 

I n  t h i s  s tudy a wide v a r i e t y  of commercial compounds were evaluated 

aging. -5- 
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Compression set is seen as a cri t ical  property f o r  t h e  performance 

of  elastomer gaske ts .  

a t  an  angle  app l i e s  a compressive load t o  t h e  bottom of t h e  gasket.  If 

t h e  rubber i n  t h i s  l oca t ion  creeps, compresses o r  otherwise changes i ts  

phys ica l  dimensions, t h e  module w i l l  become l o s e l y  he ld  i n  t h e  frame and may 

become prone t o  damage. 

elastomers resistance t o  deformation under load. The r e s u l t s  of compression 

set and o t h e r  tests were found i n  t h e  Westinghouse r epor t  and appear i n  

Table 8 i n  t h e  appendix. A summary of the  compression set values  is 

as follows: 

The weight of t h e  module i n  t h e  gasket  when mounted 

Compression set is a s tandard measurement of the  

TABLE 1 

SUMMARY OF COMPRESSION SET THERMAL AGING DATA 

Material Compound 
T i m e  (days) t o  Reach 

50% Compression Se t  
125°C 150 O C 175OC 

Fluorocarbon 

S i l i cone  

S i l i cone  

S i l i cone  

EPDM 

Acryl ic  

E t  hy 1 ene- 

Butyl 

a c r y l i c  

31- 3 23-073 1 

NPC 80/40 

SE 7550 

HS 70 

Nordel 3300-11 

Hycar 4054 

V a m a c  3300-128 

8EX-123 

7400* 

100 

50 

33 

10 3 

105 

35 

23 

150* 13 5 

21 5 

7 2 

8 2 

50 27.5 

28 10.5 

8 4 

8 4.5 

* Extrapola t ion  of an Arrhenius p l o t .  

A s  may b e  seen i n  t h i s  summary, t h e  fluorocarbon elastomer (Viton- 

DuPont) had t h e  b e s t  compression set p rope r t i e s  of t h e  materials t e s t ed ,  

followed by EPDM and then a c r y l i c  and s i l i c o n e  elastomers.  Although not 

shown on t h e  t a b l e ,  one of t h e  d i f f i c u l t i e s  experienced wi th  t h e  fluoro- 

elastomers is t h a t  of low temperature compression set ,  a c h a r a c t e r i s t i c  

t h a t  could present  problems i n  geographic areas where sever ly  cold winters  

are experienced. In terms of thermal aging t h e  s i l i c o n e s  are unquestionably 
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supe r io r  t o  a l l  o t h e r  elastomers,  however t h e i r  compression set values  

are low. The Westinghouse r epor t  contains  recornendations f o r  elastomers 

f o r  t h i s  a p p l i c a t i o n  t h a t  are believed t o  be v i a b l e  candidates  f o r  both 

high and in te rmedia te  service appl ica t ions ,  a s  follows: 

1. High temperature 

. Fluorocarbons 

. Si l i cones  

2. Intermediate  temperature 

. Acrylics 

. Acryl ic  copolymers 

. EPDM 

The one phys ica l  property which is observed t o  l i m i t  service l i v e s  

of elastomers most s eve re ly  is elevated temperature compression set. Most 

promising approaches toward improving t h i s  c h a r a c t e r i s t i c  involve moderate 

inc rease  of c ross - l ink  dens i ty  and inc rease  of f i l l e r  content .  

The f luorocarbon rubber and t h e  polyacry l ic  i n  p a r t i c u l a r  s u f f e r  

from excessive compression set a t  low temperatures. 

assoc ia ted  wi th  high g l a s s  t r a n s i t i o n  temperatures and thus wi th  development 

of c r y s t a l l i n i t y  during low temperature exposure. An approach t o  cor rec t ion  

of t h i s  problem involves  modif icat ion of t h e  polymer chains  i n  such a manner 

as t o  decrease r e g u l a r i t y  i n  t h e  chain. This ob jec t ive  might be achieved 

by in t roduc t ion  of an a d d i t i o n a l  monomer which can be copolymerized i n t o  the  

growing chain a t  random i n t e r v a l s .  

polymer blends o r  a l l o y s  and IPN ( in t e rpene t r a t ing  networks). An approach 

c e r t a i n  t o  b e  e f f e c t i v e  at reducing low temperature c r y s t a l l i n i t y  involves 

incorpora t ion  of c e r t a i n  high molecular weight p l a s t i c i z e r s ,  however t h i s  

then presents  problems wi th  migration. 

This d i f f i c u l t y  i s  

Other p o s s i b i l i t i e s  involve  use of 

These p r o p e r t i e s  and recommendations w e r e  then compared on a cos t  p e r  

pound b a s i s .  

a formulated c o s t  per  pound b a s i s  ( see  Table 9 , appendix) . The 

following t a b l e  gives  t h e  comparison: 

Typical  gasket  formulations w e r e  s e l ec t ed  and costed out on 

-7- 
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COST vs COMPRESSION SET RECOVERY 

Compounded Elastomer Comp. Set  S e t  Recovery Compound CostlSet 
Recovery 

Range @) Range(%) Cost ($1. l b )  Index 
(Typical formulation) * 

EPDM 

Neoprene 

EVA 

Si l i cone  

0.64-0.83 10-30 90-70 0.58 

15r25 85-75 0.87 1.02-1.16 

20-35 80-65 0.85 1.06-1.31 

10-35 90-65 2.53 2.81-3.89 

Compression set w i l l  vary tremendously depending on t h e  c h a r a c t e r i s t i c  

of t h e  ind iv idua l  compound. Different  f i l l e r s  and f i l l e r  loadings w i l l  be  

respons ib le  f o r  t h i s  v a r i a t i o n .  Values l i s t e d  are  r e p r e s e n t a t i v e  of t yp ica l  

formulations.  The c o s t l s e t  recoverv index number w a s  obtainec? 

by d iv id ing  (% set recovery/100) i n t o  cos t  pe r  pound of compound. 

i n d i c a t e  b e t t e r  va lue  regarding compression set-cost performance. 

Lower values 

I n  conclusion, EPDM elastomers are thought t o  o f f e r  t h e  o v e r a l l  bes t  

combinations of p rope r t i e s  t o  give optimized cost/performance values .  EPDM 

o f f e r s  (1) t h e  b e s t  compression s e t / c o s t  r a t i o  (2)  low compound cos t  and the  

a b i l i t y  t o  t o l e r a t e  h igh  loadings of f i l l e r s  (3) low gum s tock  c o s t  (4) easy 

p rocessab i l i t y  and ex t rus ion ,  and (5) proven wea the rab i l i t y .  

The automotive indus t ry  a l s o  appears t o  b e  i n  agreement with these  

conclusions; 

. Automotive weathers t r ipping needs are s a t i s f i e d  by two 

d i f f e r e n t  formulations.  A dense formulation is  used around the  windows, 

windshield,  and b a c k l i t e ,  while  a sponge formulat ion is used around 

doors. 

a sponge formulation. 

a t  t h e  same t i m e  o r  extruded separa te ly  and fas tened  toge ther  with 

I n  add i t ion ,  some extrusions u t i l i z e  both a dense as w e l l  as 

This dual  wea the r s t r ip  can e i t h e r  b e  extruded 

adhesives as a subsequent operat ion.  

. EPDM is t h e  dominant elastomer used f o r  automotive weathers t r ipping.  

Several  indus t ry  sources  ind ica t e  t h a t  a t  least  90% of the  domestic auto- 

motive weathers t r ipping is EPDM with the  remaining 10X'being manufactured 

with neoprene, norosex, and blends. There i s  some v a r i a t i o n  depending on 

whether dense weathers t r ipping or  sponge weathers t r ipp ing  i s  being considered. 
-8- 
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. A t y p i c a l  weathers t r ipping formulation includes approximately 

20-30% EPDM polymers. 

has a tensile of approximately 1000-1500 p s i .  Usually,  an automotive 

weathers t r ipping has  a durometer value of 60-70. 

This percentage w i l l  produce a compound which 

I n  t o t a l ,  approximately 36 mil l ion  lb s .  of EPDM w a s  used t o  

manufacture domestic automotive weathers t r ipping i n  1979. 

The f a c t  that EPDM has been used successfu l ly  by the  automotive indus t ry  

A h i s t o r y  of performance of f o r  long per iods of t i m e  i s  an encouraging point .  

t h i s  materials i n  a r e l a t e d  app l i ca t ion  i s  w e l l  documented and 20 year  l i f e  

has been demonstrated. 

A survey w a s  conducted i n t o  t h e  sources of EPDM elastomers and companies 

with t h e  c a p a b i l i t y  t o  supply f in i shed  goods f o r  t h i s  appl ica t ion .  The 

manufacturers of EPDM w e r e  easy t o  iden t i fy ,  and are as follows: 

Manufacturer Product Name 

Unir oya l  Royalene 

Copolymer Rubber & 

E.I.DuPont de Nemours Nordel 

Exxon V i s  t a lon  

Goodrich Epcar 

Chemical Corp. EPsYn 

These companies are only gum s tock  supp l i e r s ,  however, and not 

compounders o r  f a b r i c a t o r s .  The number of commercial compounders numbers 

i n  the  hundreds and t h e  f a b r i c a t o r s  number i n  the  thousands. 

A survey w a s  t he re fo re  undertaken t o  i d e n t i f y  comuanies supplying 

gaskets s p e c i f i c a l l y  f o r  t h e  s o l a r  i ndus t r i e s .  Nine companies w e r e  found 

t o  be of a s s i s t a n c e  i n  t h i s  area. 

A l l  of t h e  companies l i s t e d  below have expressed an i n t e r e s t  i n  our 

gasket problem when contacted.  

f o r  EPDM gasketing. Most have techniques f o r  providing molded-in covers 

f o r  gaskets .  

based on telephone conversations.  

All have compounding an ex t rus ion  f a c i l i t i e s  

Companies are l i s t e d  i n  order of probable success/experience 

-9- 



SPRINGBORN LABORATORIES. INC 

POTENTIAL GASKET SUPPLIES 

Pawling Rubber Co. 

Sperry Rubber & P l a s t i c s  

Johnson Rubber Co. 

Carlisle-Georgia 

Sheller-Globe Corp. 

General T i r e  & Rubber Co 

Globe Rubber Works 

Garlock, Inc. 

Delford Indus t r i e s ,  Inc. 

Pauling, N.Y. 

Co. Brookville,  I N  

Middlefield,  OH 

Middlefield , OH 

Portland, I N  

Akron, OH 

Rockland, MA 

Palmyra, M .Y . 
Middletown, N.P. 

Contacts wi th  t h e  more important of these  supp l i e r s  is summarized, as 

follows : 

Pawling Rubber Co.- Paul ing,  N.Y. (914) 855-100 

. Charles Dubocq 

Pawling has  a l i n e  of gasket material, both compounds and f in i shed  

cured gasket materials i n  both EPDM and s i l i c o n e .  

they cu r ren t ly  supply 90% of t h e  s o l a r  c o l l e c t o r  indus t ry  wi th  gaskets.  

Dubocq claims t h a t  

Compounds are extruded and t h e  corners  are i n j e c t i o n  molded i n t o  

t h e  s tock  t o  f i t  t h e  panel  dimensions, Gaskets a re  then cured and 

snapped i n t o  p l ace  on t h e  panel  l i ke  a rubber band. 

be s i z e d  f o r  t he  job  g iv ing  t h e  process a spec ia l ized  na tu re ,  but t h i s  

eleminates t h e  need f o r  cu t t ing ,mi te r ing  and gluing which can be  a messy 

job.  

The gaskets  must 

Garlock, Inc. ,  Palmyra, N.Y. (315)597-4811 

Garlock both formulates and processes  gasket lweathers t r ippinp material. 

They have several EPDM compounds (60 and 70A) which they f e e l  might be 

appropr ia te .  They have t h e  f a c i l i t i e s  t o  provide extruded cured gaskets 

of t h e  des i r ed  p r o f i l e .  
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Delford Indus t r i e s ,  Inc. ,  Middletown, N.Y. (914)342-5805 

Delford can supply an extruded rubber p r o f i l e  t o  m e e t  any design 

spec i f i ca t ions  w e  can come up with.  

corners" b u t  they can cut  and s p l i c e  to  supply a f in i shed  gasket.  

They do not do the "molded i n  

Spe r ry  Rubber and P l a s t i c s  Co., Inc. ,  Brookville,  I N  (317)647-4141 

Sperry has had pas t  experience i n  producing 

indus t ry .  They have t h e i r  own laboratory,  t o  compound formulation, 

compounding, and processing. They are q u i t e  versatile: can supply 

extruded cured channel gasket cut/mitred corners ,  can s p l i c e  i n  

vulcanized 90° corners ,  or can do i n j e c t i o n  molded corners  ( l i k e  

Pawling). 

gaskets f o r  t h e  s o l a r  

Globe Rubber Co. , Rockland, MA (617)871-3700 

Globe can do compounding and p r o f i l e  ex t rus ion  t o  m e e t  our 

spec i f i ca t ions .  They are somewhat unclear on complete gaskets(corners  

may be  a problem f o r  Globe) b u t a r e  i n t e r e s t e d  i n  seeing b luepr in ts  f o r  

a f i n a l  design t o  determine what they can do. 

She l le r  Globe Corporation, Port land,  I N  (219)726-8171 

They claim t h i s  type of gasketing i s  no problem. 

ex t rus ion ,  and corners.  H e  asks  i f  the  design of t h e  panel can be 

modified t o  put a 3" radius  on corners  s o  t h a t  w e  could be saved the  

expense of t h e  corner  addi t ion .  Future contac ts  should go through 

Larry Wilcoxson i n  Port land,  I N .  

They do compounding, 

Johnson Rubber Co., Middlefield,  OH, (216)632-1611 

. George Krupa 

Johnson is present ly  involved i n  s o l a r  gasketing f o r  a v a r i e t y  of 

companies. They have complete compounding and extrusion f a c i l i t i e s  

and a r e  f a m i l i a r  with the  corner  production methods. 

i n t e r e s t e d  i n  s o l a r  appl ica t ion .  Work with a l l  materials except 

s i l i c o n e s  

They appear q u i t e  
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General T i r e  and Rubber Co., Akron, OH (219)753-5131 

John Simmermaker 
They claim t h a t  GT is involved i n  t h i s  area wi th  most of t h e  custom 

ex t rus ion  being done a t  t h e i r  p l a n t  i n  Arkansas. Call: A 1  Hoffmann, 

P l a n t  Mgr . , (501) 793-3179. 

Carlisle-Geauga, Middlef ie ld ,  OH (216)632-1671 

Contact: Bob Connors. Geauga i s  familiar wi th  s o l a r  gasket ing 

and does considerable  custom ex t rus ion  . They appear q u i t e  i n t e r e s t e d  

i n  development of a gasket material (Note: They have worked with 

c o l l e c t o r  panels  and PV panels ) .  

Uniroyal: (203) 723-3000 

This company makes a tubular  ex t rus ion  designed t o  act as t h e  c o l l e c t o r  

p ipe  i n  s o l a r  thermal panels ,  

through t h e  tubing. 

prepared by Cniroyal.  

Contact: A 1  Crepeau 203-723-3825. 

The h e a t  t r a n s f e r  f l u i d  c i r c u l a t e s  d i r e c t l y  

This and o t h e r  s o l a r  r e l a t e d  rubber products a r e  

A l l  are based on t h e i r  Royalene elastomer s tock.  

A l l  of t hese  contac ts  are promising s u p p l i e r s  f o r  custom molded gasketing 

f o r  s o l a r  energy r e l a t e d  app l i ca t ions  and are aware of t h e  performance/form- 

u l a t i o n  r e l a t ionsh ips  r e l a t e d  t o  long term service i n  outdoor environments. 

A r ep resen ta t ive  sample of manufacturers product l i t e r a t u r e  (Pawling Rubber Co.) 
and comparison of product spec i f i ca t ions  and design appl ica t ion  are given 

(Tables 10 and 11) i n  t h e  appendix. 

An a d d i t i o n a l  p i ece  of information is  a l s o  f e l t  t o  be  u s e f u l  with respec t  

t o  t h i s  study. An ASTM s p e c i f i c a t i o n  f o r  t h e  s e l e c t i o n  of s o l a r  gasketing 

materials has  been wr i t t en .  This s p e c i f i c a t i o n ,  e n t i t l e d  "Rubber Sea ls  Used 

i n  F l a t  P l a t e  So la r  Col lec tors ,  ANSI/ASTM D-3667-781, relates t o  t es t  procedures, 

p roper t ies ,  classes and s p e c i f i c a t i o n s  f o r  t he  appropr ia te  s e l e c t i o n  of s o l a r  

gasket and s e a l a n t  material and is  reproduced i n  i t s  e n t i r e t y  (Tablel-2 1 i n  the  

appendix. 
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IV. SOLAR MODULE SEALANTS 

Sealants are required t o  seal t h e  edge of  t h e  photovol ta ic  module 

between t h e  module edge and t h e  rubbery gasket  surrounding it. 

must func t ion  i n  performing t h e  following funct ions:  (1) adhesive t o  both 

sur faces  (2) compliant and mechanically forg iv ing  (3)  g l a s s  t r a n s i t i o n  t e m -  

The sea l an t  

pera ture  below -4OOC (4) serve as a b a r r i e r  t o  l i q u i d  water (5) appl icable  

t o  t h e  modules cons t ruc t ion  by a commercial and high volume technique 

(6) have low water vapor t ransmission (7) weatherable ( 8 )  low cos t  

Af te r  consider ing these  p rope r t i e s ,  t w o  more w e r e  add i t iona l ly  added, 

solvent-free andmn-curing. Non-curing sealants are thought t o  b e  a b e t t e r  

choice due t o  t h e i r  a b i l i t y  t o  b e  somewhat mobile along t h e  gasket/edge 

i n t e r f a c e  and t h e r e f o r e  impart  a "self-healing" c h a r a c t e r i s t i c  t o  the  

edge. 

and absorpt ion by t h e  p o t t a n t  l aye r .  

Solvent-free is a l s o  d e s i r a b l e  t o  prevent a t t a c k  of t h e  module edge 

Major manufacturers of s e a l a n t s  w e r e  i d e n t i f i e d  and contacted f o r  

The companies contacted are as products having t h e  des i r ed  proper t ies .  

follows : 

Dow Corning , Mfdland , MI 
H - B -  F u l l e r  , S t ,  Paul,  'MN 

General Electric , Waterford, N.Y. 
Gibson Homans , Tw-fnsburg, OH 

Goss and GosS , San Francisco, CA 

Henkel Corp. , Mlnneapolis, MN 

Inmont Chemical, New York, N,Y, 
3M Company , St, Paul,  FIN 

Morte l l  , bnkakee ,  I L  

Polymeric Systems, Inc.  , fottstown, PA 

PRC , Glendale, CA 

Swift  Adhesives , Chicago, IL 
Tremco , Cleveland, OH 

Pecona Chemical Corp. , Harleysvi l le ,  PA 
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From t h e s e  con tac t s  a genera l  survey of s e a l a n t  compounds and 
' 

manufacturers r e s u l t e d  and has deen tabula ted  i n  Table 13. 

This list of materials was then  reduced f u r t h e r  t o  r e f i n e  t h e  

s e l e c t i o n  of s u i t a b l e  compounds. 

t he  bas i s  of gener ic  chemical class and cos t ,  as follows: 

These sealants were f i r s t  compared on 

TABLE 3 

SEALANT USAGE COSTS 

Generic Class 

Si l icone  

Polysulf ide 

Polyurethane 

Polyamide 

Acrylics 

Butyls 
Hot m e l t s  
Tape compounds 
Non-cure ho t  m e l t  

a. Appx . Cost /Lb . 
$2.25 - 4.50 

2.25 - 5.70 
2.08 - 2.70 
2.30 - 2.80 
1.00 - 2.40 

1.62 
3.67 
2,OO 

E s t .  Cost/Module b.  

$ 0.50 

0.27 - 0.68 
0.28 
0.30 

0.24 

0.19 
0.44 
0.24 

a. High volume, non-specialty app l i ca t ion  

b. Costing bas i s :  f o r  a 1.2 m x 2.4 m module of appx. 250 W power output.  
Assum 1/8" ( 3  mm) round bead around edge: volume of sea l an t  r e q u i r e d ,  
58 cm ; assume s p e c i f i c  g rav i ty  = 1.00: weight r e q u i r e d  appx. 58 gms, 
o r  0.12 l b s .  

f 
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Drying O i l s  

Polybutenes 

Polymeric B a s  e 

Additionally,  materials performance information has been tabula ted  

according t o  t h e  chemistry of a v a i l a b l e  sealant compounds. as follows: 

Butyl 

Acrylics 

Table 4 

Service L i f e  

Relative Performance - Various Sealant  Base Materials 

I 
J o i n t  Movement Tolerance 

Small Moderat e Large 
(up t o  t 5%) (25% t o  t 12%) (It: 25%) 

Bitumens Hypalon Polyurethanes 

Neoprene 

Up t o  5 years  10 years min. 15 t o  20 years  

cos t  

Polysulphides 

S i l icones  

Low t o  Moderate High ! Low 

Source: Adhesives Age: February, 1980, p .  34 

It should b e  noted with respec t  t o  the  two oreceding t ab le s  t h a t  

t h e  compounds used f o r  r ep resen ta t ive  pr ic ing  a r e  not  necessar i ly  usable 

f o r  photovol ta ic  module appl ica t ion .  

ranges and include s e a l a n t s  t h a t  are water based, have high solvent  content 

and may cure with t h e  evolut ion of an undesirable  by-product (such a s  

a c e t i c  acid i n  t h e  s i l i c o n e s ) .  

The p r i ces  represent  t yp ica l  

The automotive lndus t ry  has encountered t h e  need f o r  edge sea l ing  

f o r  many y e a r s  now. 2n windshield appl ica t ions  t o  prevent the  pene t ra t ion  of 

water between the  g l a s s  and the  gasket.  

The au to  indus t ry  w a s  a t  one t i m e  l a rge ly  solvent  based systems: 

today they are r ap id ly  moving t o  preformed tape,  very l o w  solvent  systems 

(5% o r  l e s s ) ,  and water based systems. Water based  systems'perform wel l  once 

cured, but i t  takes much longer f o r  t h e  water t o  evaporate,  hence tapes 

and low so lvent  systems a r e  used when possible .  
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GM's experience t y p i f i e s  t he  indus t ry  s i n c e  they began with two 

component po lysul f ide  systems (which could be d i f f i c u l t  t o  work with and 

had a very object ionable  odor). Next came t h e  b u t y l  t ape  sea l an t s  which 

worked f i n e  u n t i l  windshields began being important f o r  s t r u c t u r a l  s t rength .  

The new wave is  a one p a r t  polyurethane system t h a t  i s  appl ied i n  a 

continuous bead, although it is less cos t  e f f e c t i v e  than the  buty ls .  

GM is very s a t i s f f e l d  with the polyurethane even though i t  cos t s  more, 

t o t a l i n g  about 50C t o  $1.00 more p e r  car. 

while  b u t y l  t ape  cos t s  5 - 6 ~ / f t .  

but  d i f f i c u l t  t o  handle and can be tox ic .  

more c o s t l y  and more w a t e r  s e n s i t i v e .  

PU c o s t s  approximately 10C/ft  

Two component polyurethane i s  exce l len t  

One component polyurethane i s  

In  addi t ion  t o  t h e  requirements previously mentioned f o r  the  s e l e c t i o n  

of s ea l an t s ,  a few o ther  proper t ies  a r e  a l s o  worth considerat ion.  

Sag r e s i s t a n c e  i s  important.  D e s p i t e  t h e  need f o r  easy ex t rudab i l i t y ,  

non-sag grades must be  s t i f f  enough not  t o  flow from v e r t i c a l  o r  overhead 

j o i n t s  . 
Hardness s t a b i l i t y  i s  also an important f a c t o r  and r e f e r s  t o  the  cor- 

responding increase  i n  both the  hardness and the  cohesive modules of t he  sea l an t ,  

If t h i s  increase  i n  hardness i n  a c t u a l  use leads  t o  a cohesi.ve modulus grea te r  

than the  adhesive s t r eng th ,  the  bond w i l l  f a i l .  

Bonding proper t ies  and d u r a b i l i t y  are of prime considerat ion.  The sea l ing  

proper t ies  of a sea l an t  depend on i ts  a b i l i t y  t o  adhere t o  the  w a l l  of t h e  j o i n t  

desp i t e  imposed stresses due t o  j o i n t  movement. This adhesion must remain strong 

desp i t e  exposure t o  harsh environments involving c y c l i c a l  humidity and temperature 

swings. 

l abor  and materials cos t  savings,  and high q u a l i t y  preformance. These 

tapes  a r e  almost always based upon b u t y l  rubber o r  polyisobutylene due t o  

t h e i r  exce l len t  adhesion, weathering and aging p rope r t i e s .  Preformed 

tapes  a l s o  have an unlimited she l f  l i f e ,  do not  r equ i r e  s p e c i a l  appl ica t ion  

o r  mixing equipment, app l i ca t ion  is  quick, easy,  c lean,  accurate  and the  

s e a l  forms immediately with no cure  t i m e  o r  so lvent  evaporation. 
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Tapes can be formulated t o  achieve a wide v a r i e t y  of proper t ies ,  

t h e  two broadest  ca tegor ies  are low-resi l ients  and r e s i l i e n t  tapes.  

Res i l ience ,  so f tnes s ,  and adhesion proper t ies  are cont ro l led  by 

combining crossl inked b u t y l  with r egu la r  bu ty l  o r  bromobutyl compounds. 

A t  t h i s  t i m e ,  the  bu ty l  sealants appear t o  have the  most des i r ab le  

cos t  performance Charac te r i s t ics  wi th  well-documented h i s t o r y  of use 

i n  long term f i e l d  appl ica t ions .  Four major types of b u t y l  s ea l an t s  

are a v a i l a b l e  i n  the  market. These are: 

(1) H o t  m e l t  b u t y l  sealants (curable)  

These materials are appl ied a t  temperatures of about 400°F 

from a heated gun. 

exce l l en t  (60 p s i )  pee l  s t rength  vs  g l a s s .  Adhesion t o  p l a s t i c s  is 

considerably less. 

They harden on cooling t o  a non-tacky material with 

These sea l an t s  exh ib i t  sag  a t  temperatures above 150°F. 

(2) H o t  m e l t  non-hardening b u t y l  

These are similar t o  bu ty l s  from which b u t y l  tapes  are made. They are 

b u t y l  rubber/ isobutylene blends which ahve a higher  b u t y l  content than buty l  

caulking compounds. They have very low w a t e r  vapor transmission. 

pounds conta in  no solvent  and a r e  gunnable a t  r a i s e d  temperature. 

These com- 

(3) Butyl tape  (cold butyl)  

These a r e  bu ty l  / isobutylene blends preformed i n t o  tape.  

Avai lable  i n  var ious forms, and varieties from many supp l i e r s :  Tremco, 

Pecora, F u l l e r  and 3M. Non-hardening and usefu l  i n  -40 t o  400°F range. 

(4) Butyl caulk 

These are a l l  solvent  containing s e a l a n t s ,  t he  solvent  being 

necessary t o  impart gunnabi l i ty  t o  t h e  s e a l a n t s  a t  room temperature. 

tend t o  be  hardening and non-tacky when cured. 

due t o  so lvent  problems. 

They 

Probably need t o  be avoided 

The type of bu ty l  rubber used t o  s e a l  windshields i n - t h e  automotive 

indus t ry  is re fe r r ed  t o  a s  a "cold butyl"  (o r  compression-setting or  non-setting 

bu ty l ) .  I n  use ,  t h i s  mater ia l  i s  placed i n  the  gasket i n  the  form of a 
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long r ibbon o r  tape.  

seal is  formed from compression. 

g l a s s ,  has  no cu re  t i m e ,  r equi res  no s p e c i a l  equipment f o r  use and is  

produced by t h e  ton  on a cos t  competit ive b a s i s .  Commercial examples of 

t h i s  type of compound are Tremco 440 t ape  and 3M Company's product 5354. 
Alternate t o  t h e  preformed and compression f i t  type of appl ica t ion  

The g la s s  is then  pressed i n t o  t h e  channel and the  

Cold b u t y l  has exce l l en t  adhesion t o  

are t h e  h o t  m e l t  systems. Butyl based ho t  m e l t  s e a l a n t s  are curable  compounds 

t h a t  have been used ex tens ive ly  f o r  t h e  s e a l i n g  of i n s u l a t i n g  windows and 

doors and have found t o  b e  super ior  t o  polysul f ides  and o the r  s ea l an t s  i n  

t h e  tests conducted by SIGMA (Sealed Insu la ted  Glass Manufacturer's 

Associat ion) .  The ho t  m e l t  materials r equ i r e  s p e c i a l  systems (hot m e l t  

guns) f o r  appl ica t ion :  however, t h e  material handl ing i s  somewhat eas i e r . In  t h e  

s o l a r  module indus t ry ,  t h e  channel of t h e  preformed gasket  would probably 

be  f i l l e d  wi th  sea l an t  from a hot nozzle  and then forced d i r e c t l y  onto the  

edge of t h e  module and permitted t o  set  i n t o  p lace .  Example of commercial 

ho t  m e l t  b u t y l  s e a l a n t s  are: National Adhesive product 72-6417, 3M Company's 

3764 and H.B. F u l l e r ' s  HM1081. The product manufactured by H.B.  F u l l e r  w a s  

t e s t e d  and found t o  have super ior  adhesion and drying t i m e s a . .  

I n  a d d i t i o n  t o  looking a t  commercial products a v a i l a b l e  w e  a l s o  

examined commercial appl ica t ions  f o r  s e a l a n t s .  It is  not poss ib le ,  as a 

r e s u l t  of t h e  survey t o  da te ,  t o  d e f i n i t i v e l y  i d e n t i f y  a s i n g l e  compound o r  

class of compounds t h a t  optimize t h e  cost/performance c h a r a c t e r i s t i c s  

required.  This survey is continuing t h e  examination of t h e  use of a wide 

range of commercial products and t h e  h i s t o r y  of success fu l  appl ica t ions .  

Addit ional ly ,  laboratory evaluat ions w i l l  be  conducted t o  assess product 

performance. 

a. MB Associates ,  San Ramon, Cal i forn ia ,  F ina l  r e p o r t  f o r  JPL Contract No. 
954882, Process Development f o r  Automated Solar  Cell  and Module Production, 

-1 8- June 30, 1980. 
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V. POTTANTS 

The p o t t a n t  i nves t iga t ions  a t  Springborn Labora tor ies  are current ly  

aimed a t  e s t a b l i s h i n g  two ma te r i a l s  f o r  t h e  vacuum bag laminat ion process 

and two f o r  t h e  syrup c a s t i n g  process .  The laminat ing materials of 

i n t e r e s t  are EVA and t h e  r ecen t ly  discovered EMA (ethylene/methyl ac ry la t e )  

copolymer produced by Gulf O i l  and Chemicals, Inc .  

of i n t e r e s t  a r e  t h e  poly-butyl a c r y l a t e  system and t h e  c a s t a b l e  a l i p h a t i c  

l i q u i d  urethane system (ava i l ab le  from H.J. Quinn, Malden, Mass ). Recent 

development work has  emphasized t h e  b u t y l  a c r y l a t e  system and attempts 

have been made t o  b r ing  t h i s  system t o  f u l l  commercial readiness .  

The ~ W O  cas t ing  syrups 

Butyl Acry la te  Syrup 

The polybuty l  a c r y l a t e  p o t t a n t  w a s  o r i g i n a l l y  inves t iga t ed  a t  JPL and 

found t o  b e  a d e s i r a b l e  ma te r i a l  f o r  u s e  as a p o t t a n t  for reasons of its 

physical  p r o p e r t i e s  and a l s o  its p h o t o s t a b i l i t y .  

chemistry i n d i c a t e s  t h a t  poly n-butyl acrylate (cured) forms a s t a b l e  

crossl inked network t h a t  undergoes chain s c i s s i o n  and cross l ink ing  a t  

equal r a t e s  when exposed t o  u l t r a v i o l e t  r a d i a t i o n  i n  t h e  photoactive 

regions of t h e  spectrum. A s tudy  of t h e  wavelength dependance of the  

photodegradation of t he  polyacry la tes  shows t h a t  pho to reac t iv i ty  continues 

up t o  310 nm, only bare ly  i n t o  t h e  s o l a r  spectrum. This i nd ica t e s  t ha t  

t he  a c r y l i c  elastomer w i l l  r equ i r e  less s t a b i l i z a t i o n  than mater ia l s  with 

s t rong  absorp t ions  t h a t  may a l s o  reach f a r  i n t o  t h e  t e r r e s t r i a l  u l t r a v i o l e t .  

A s tudy  of the  photo- 

a .  

b .  

The compound o r i g i n a l l y  prepared by JPL was composed of a premade 

b u t y l  a c r y l a t e  polymer t h a t  w a s  then  d isso lved  i n  a quan t i ty  of monomer t o  

y i e l d  a pourable syrup. 

of a f r e e  r a d i c a l  i n i t i a t o r .  

a water-white h ighly  t ransparent  elastomer of low modulus. 

This syrup w a s  then cured by hea t ing  i n  the  presence 

The cured m a t e r i a l  produced by t h i s  method i s  

The d i f f i c u l t y  experienced with e a r l y  formulat ions was t h a t  of high 

cure  temperature,  long cure t i m e s  and low g e l  con ten t s .  

a.Gupta, A. ,  Photodegradation of Polymeric Encapsulatants  of Solar  Cell  
Modules, LSA document 5101-77, 8/10/78, J e t  Propuls ion Laboratory 
Pasadena, Ca l i fo rn ia .  

b. Morimoto, K,, and S u z u k i ,  S . ,  Journa l  of Applied Polymer Science, 
- '  16 2947, (1972). 
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I n i t i a l  s t u d i e s  of t h e  required cure condi t ions  w e r e  a l s o  conducted 

a t  JPL using AIBN (azobis-isobutyronitrile) a t  a l e v e l  of 0 .01weight  

percent  as t h e  f r e e  r a d i c a l  i n i t i a t o r  and curing agent.  Per iods of four 

t o  s ix t een  hours a t  8OoC r e su l t ed  i n  cured polymer with g e l  contents  of 

61% t o  68% (by e x t r a c t i o n )  and over 90% conversion of the monomer t o  polymer. 

It w a s  found t h a t  wi th  t h i s  i n i t i a t o r ,  app rec i ab le  g e l  conten ts  only 

occured a t  temperatures i n  t h e  range of 8OoC - 9O"C,  and t h a t  temper- 

a t u r e s  above o r  below t h i s  range gave only s m a l l  q u a n t i t i e s  of g e l .  

Subsequent worka' concerned t h e  modi f ica t ion  of th i s  base formulation 

with func t iona l  c ros s l ink ing  agents  t o  reduce t h e  cure time/temperature and 

r a i s e  the  g e l  contents .  A successfu l  formulat ion w a s  discovered and a 

composition r e s u l t e d  t h a t  demonstrated a 68% g e l  content  with complete 

cu re  of t h e  syrup a f t e r  one hour a t  60°C. 

t h e  following composition: 

The new syrup formulation has 

A12805 

Butyl a c r y l a t e  monomer 60% 

Butyl a c r y l a t e  polymer 35% 

1. 6-hexanediol d i a c r y l a t e  5% 

This m a t e r i a l  achieves cure  a f t e r  mixing with an appropr ia te  i n i t i a t o r  

and then hea t ing  f o r  t h e  required per iod of t i m e .  

achieved wi th  t h e  a d d i t i o n  of 0.5% by weight of Luperso l -11  

i n  a 87% g e l  content  a f t e r  one hour a t  50°C. 

The b e s t  r e s u l t s  were 
b. , which resu l ted  

Fur ther  experiments were conducted on c u r e  systems f o r  the  polybutyl 

a c r y l a t e  p o t t a n t  system with the  hope of f ind ing  a room temperature cure 

chemistry t h a t  would remove t h e  need f o r  oven hea t ing  a f t e r  module fabri -  

ca t ion .  The f i r s t  experiments involved polymerization of the  syrup a t  

lower temperatures and the  screening of lower temperature c a t a l y s t s .  

following r e s u l t s  w e r e  obtained: 

The 

a. Wi l l f s ,  P. and Baum, B . ,  Inves t iga t ion  of T e s t  Methods, Mater ia l  Prop- 
erties and Processes f o r  Solar  C e l l  Encapsulants, Seventeenth Quarterly 
Report t o  Jet Propulsion Laborator ies ,  Contract #954527,, Springborn 
Laborator ies ,  Enfield,  Conn., September 1980. 

. b. t-Butyl peroxy p iva la t e ,  from Lucidol Divis ion,  Pennwalt Corp., Buffal0,N.Y. 
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TABLE 5 

BUTYL ACRYLATE SYSTEM- 

LOW TEMPERATURE INITIATORS 

I n i t i a t o r  Level 

Lupersol 225 0.5 % 

Lupersol I1 0.5 % 

Benzoyl peroxide 0.5 % 

Vazo 33W 0.5 % 

Lupersol 225 0.25 % 
Lupersol 11 0.25 % 

Lupersol 225 0.25 % 
Benzoyl peroxide 0.25 X 

T i m e  t o  Cure(minutes) 

T e q .  35OC 45°C 55OC 

Np NP NP 
NP 2 1  12 

Np NP 47 
5.5 4 Appx. 3 

NP 32 20 

Np NP NP 

NP: No polymerization a f t e r  one hour 

The most e f f i c i e n t  i n i t i a t o r  r e s u l t i n g  from t h i s  study w a s  found t o  

be Vazo 33W [2 ,2 '  -azobis(2.4-dimethyl-4-methoxyvaleronitrile) a DuPont 

product] which gave cure t i m e s  of 5 1 / 2  minutes a t  35OC and a g e l  content 

of 84%. 
( i . e .  t h e  evolu t ion  of n i t rogen  gas)  experiments were continued with some 

peroxides i n  promoted systems t o  determine i f  t h e  i n i t i a t i o n  temperature 

could be decreased. Promoters are add i t ives  used f o r  t h i s  purpose and are  

widely used i n  room temperature cur ing  of unsaturated polyes te r  laminates.  

The e f f e c t  of d i f f e r e n t  promoters w a s  determined with several peroxides of 

i n t e r e s t .  The following t a b l e  records  t h e  r e s u l t s  of t h i s  inves t iga t ion :  

Due t o  p a s t  d i f f i c u l t i e s  e q e r i e n c e d  wi th  some azo i n i t i a t o r s a *  

a. These materials tend t o  evolve n i t rogen  when heated rap id ly  a t  high 
temperatures , howeyer l o w  temperature cures  are usua l ly  bubble free. 

-21- 



TABLE 6 

POLYMERIZATIOH TIMES WITH PROMOTED SYSTMS(a) 

Number 

1 

2 

3 
4 

5 

6 

7 

8 

9 

10 
11 

12 
13 

14 

I n i t i a t o r ,  0.5% Promoter,O.lX 

Benzoyl Pe rox ide  None 

II Cobal t  Rap t h e n a t  e 

*I Stannous Oc toa te  

Zinc Octoate  II 

Luperso l  11 None 

Luperso l  11 Cobal t  Nap t h ena t e 

Stannous Octoa te  *1 

DBTDL (b) 11 

Zinc Octoate  I t  

Vazo 33tt None 

Coba It Nap t h  ena t e I1 

Stannous Octoa te  V I  

I1 D33TDL(b) 

Zinc Octoate  ll 

Time t o  Cure (minutes) 

20°C 3 5 ° C  

Np 

NP 
NP 
NP 
NP 

NP 
NP 
NP 
Np 

39 

58 

30 

37 

38 

NP 
m 
70 

NP 
NP 

NP 
29 
NP 
NP 

5.5 
- 
4 
- 
- 

45°C 

NP 
NP 
34 

NP 
21 

5 

11.5 

18.5 

Nf 

4 
- 
3 .5  
- 
- 

55°C 

47 
27 

12 
19 
12 

2 

5.5 

7.5 

- 

10 

3 
- 
2.5 
- 
- 

( a )  Under n i t r o g e n  t o  r educe  air i n h i b i t i o n  e f f e c t s .  

(b)  Dibuty l  T i n  d i l a u r a t e  

As may b e  s e e n  from a n  examinat ion of t h e  t a b l e ,  a wide  variet? of 

pot lives, c u r e  t empera tu res  and cu re  t i m e s  are available f o r  u s e  wi th  t h i s  

r e s i n  sys t em.  Probably  t h e  most u s e f u l  c u r e  systems a re  numbers 5, 7 and 10. 

These’ formula t ions  p r e s e n t  a wide range  of c o n d i t i o n s  t h a t  may be s e l e c t e d  

f o r  t h e  onset of t h e  d e s i r e d  cure.  

As a g e n e r a l  o b s e r v a t i o n ,  t he  c u r e  wi th  t h e  azo system appea r s  t o  be  

s l i g h t l y  more e f f i c i e n t  t han  t h e  pe rox ide  systems. D e v o l a t i l i z a t i o n  of 

swll samples of t h e  cured  fo rmula t ions  w a s  performed i n  vacuum to measure 

t h e  r e s i d u a l  monomer by s imple  weight loss. The perorAde cured  specimens 

showed a 2-7% l o s s  af ter  24 hours  under  f u l l  vacuum (5-10 m Hg) a t  a tem- 

pe ra tu re  of 60°C. 

i n d l c a r l n g  mTe e f f i c i e n t  conversion.  
-22- 
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A s i n g l e  experiment  w a s  done t o  examine t h e  e f f e c t s  of modifying t h e  

formulat ion w i t h  a s m a l l  amount of a comonomer i n  o r d e r  to  a c c e l e r a t e  t h e  

c u r e  r a t e .  The s t a n d a r d  b u t y l  a c r y l a t e  syrup  f o r m u l a t i o n  (A128051 w a s  

modified wi th  the a d d i t i o n  of  1Z w/w of v i n y l  a c e t a t e  monwer  due t o  i t s  

f a s t  forward rate c o n s t a n t  w i t h  b u t y l  acrylate. I n i t i a t i n g  t h e  system 

wi th  Vazo 33W produced t h e  f a s t e s t  room tempera ture  c u r e  y e t  found, 19 

minutes.  R a i s i n g  t h e  l e v e l  of vinyl a c e t a t e  beyond t h e  1% d i d  no t  give 

f u r t h e r  e f f e c t .  The p r e v i o u s  experiments  have shown t h a t  t h e  azo system 

i s  a c t i v a t e d  t o  some degree  w i t h  t h e  u s e  of a t i n  c a t a l y s t  (experiment No, 12) .  

The v i n y l  a c e t a t e  modi f ied  sys tem w a s  f u r t h e r  modi f ied  w i t h  0.1% w / v  of 

s tannous o c t o a t e  and r e s u l t e d  i n  a room tempera tu re  c u r e  i n  14 minutes 

( formula t ion  Al2837). 

All t h e  p o l y m e r i z a t i o n s ,  r e g a r d l e s s  of i n i t i a t o r ,  t empera ture ,  o r  t i m e ,  

demonstrated a v e r y  s t r o n g  exotherm and f a s t  r a t e  o f  convers ion .  

po lymer iza t ion  r e a c t i o n  starts a g r e a t  d e a l  of  h e a t  is produced and the  

When the  

conversion is e s s e n t i a l l y  complete  i n  minutes .  

thermocouple and t h i c k  sections of resin ( 0 . 7 5  i n c h e s )  reached temperatures 

as a high as 17S"C i n  some cases. This exotherm is h igh  enough t o  cause 

b o i l i n g  of f r e e  monomer and t h e  r a p i d  g e n e r a t i o n  of  n i t r o g e n  from azo c o w  

pounds. A d d i t i o n a l l y ,  t h e  f a s t  rate causes  thermal  stresses i n  t h e  cur ing  

r e s i n  and, combined w i t h  polymerization shrinkage, r e s u l t s  i n  f r a c t u r e s  appearing 

i n  the  th ick  sec t ions .  

(100 mils) where t h e  exotherm is d iss ipa ted .  

cure  w i t h  no d i f f i c u l t i e s  to c l e a r  rubbery shee ts  w i t h  s l i g h t  su r f ace  tack ,  

t o t a l  in tegra ted  transmission w a s  measured as 88.3%. 

Exotherms were measured w i t h  a 

These e f f e c t s  do not appear t o  be troublesome i n  th in  sec t ions  

Plaques produced i n  standard molds 

The 

Mechanical test specimens w e r e  submitted f o r  physical  property determination 

and r e s u l t s  recorded and compared t o  previous cure systems i n  t h e  following 

tab le :  

-23- 
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Table 7 

I n i t i a t o r  

Benzoyl 
Peroxide 

B enzoy 1 
Peroxide 

AIBN 

Lupersol 11 

Vazo 33W 

Vazo 33W 

Vazo 33W 
S rannous 
Octoate 

Polybutyl  Acrylate  Po t t an t  

Cured Proper t ies  vs I n i t i a t o r  System 

b. Cure 
Level Cure Timea. Temperature 

(%I ( m i d  " C  

0.5 % 60 60 

0.1  % 180 60 

0.5 % 60 60 

0.5 % 180 50 

0.5 % 60 25 

0.1 % 60 25 

0.5 % 60 25 

0.1% 

Tens i l e  U l t i m a t e  
S t rength  Elongation 

(ps i )  (%I 

138 50 % 

181 100% 

267 100% 

20 2 100% 

138 74% 
9 1  55% 

99 63% 

a. Minimum t i m e  permit ted,  cure  m a y  have taken place i n  much s h o r t e r  t i m e .  

b. Temperature a t  which polymerization i n i t i a t e d ,  does not  inc lude  exotherm. 
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As may be  seen i n  t h e  t ab le ,  t h e r e  is  some dependance of physical  

p rope r t i e s  on t h e  type  of i n i t i a t o r  used. Generally,  s l i g h t l y  elong- 

a t i o n s  and not icably  h igher  tensile s t r e n g t h s  r e s u l t e d  from t h e  use of t h e  

higher temperature cure  systems. 

bes t  choice of i n i t i a t o r  for the  following reasoiig: 
The use  of Lupersol 11 i s p r o b a b l y  t h e  

1. Good t e n s i l e  s t r e n g t h  

2. Good elongat ion 

3. Non-aromatic ( b e t t e r  weather s t a b i l i t y )  

4. Not a gas generator  ( l i k e  azo compounds) 

5. Long pot  l i f e  - w i l l  not cu re  at  room temperature f o r  24 hours 

6. Cure i n  20 minutes at 45OC o r  1 2  minutes a t  5 5 ° C .  

Springborn Laborator ies  w i l l  be  ready t o  provide samples of t h e  bu ty l  

acrylate po t t an t  t o  indus t ry  wi th in  t h e  next  few months. P i l o t  p lan t  f a c i l i t i e s  

muscbe  modifieda' for prepara t ion  of t h e  syrup on a l a r g e r  scale before 

eva lua t ion  quant i  t i e s  become ava i lab le .  

A l ipha t i c  Polyurethane 

Al ipha t ic  urethanes w e r e  surveyed i n  order  t o  make a go - no go decis ion 

as t o  t h e  cont inuat ion of work on t h i s  type  of p o t t a n t  system, A number of 

photovol ta ic  module manufacturers were contacted and they expressed i n t e r e s t  

i n  t h i s  c l a s s  of ca s t ing  materials. One of t h e  d i f f i c u l t i e s  experienced i n  

t h e  laboratory use of t he  pourable urethane systems has been t h a t  of moisture 

r e a c t i v i t y  and consequent bubbling of t h e  p o t t a n t .  Experimental modules 

prepared a t  Springborn a l l  showed d i f f i c u l t y  i n  t h i s  r e spec t  and no modules 

could be  prepared without s m a l l  bubbles appearing. Modules prepared with 

hardboard s u b s t r a t e s  were conspicuously t h e  worst  due t o  t h e  hygroscopic na ture  

of t h e  wood f i b e r s .  A number of module manufacturers have a l s o  conducted in- 

house experiments with pourable urethane systems. 

moisture  s e n s i t i v i t y  and bubbling and are s t i l l  drawn t o  t h i s  c l a s s  of po t t an t s ,  

e spec ia l ly  f o r  t he  s u p e r s t r a t e  design. This discrepancy is  being invest igated 

a t  Springborn Laborator ies .  It is  f e l t  t h a t  the  urethane is  s u i t a b l e  f o r  t h i s  

They r epor t  no d i f f i c u l t i e s  

a .  Requires use of wiped f i l m  evaporator.  
-25- 
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design and t h a t  t h e  p r o t e c t i v e  covering of g l a s s  may r e s u l t  i n  acceptab le  

l i f e t imes  i n  outdoor exposure. 

The a l i p h a t i c  urethanes w e r e  surveyed due t o  the  general  i n t e r e s t  i n  

t h i s  area and manufacturers were contacted t o  answer, t h e  following quest ions:  

(1) What grades are a v a i l a b l e  t h a t  are a l i p h a t i c ,  pourable, and 

(2) What c a t a l y s t  systems are a v a i l a b l e  and what i s  t h e  range of cure  

(3) What i s  known about t h e  s t a b i l i z a t i o n  of urethanes and what a d d i t i v e s  

so lvent  f r e e ?  

conditions ? 

are recommended f o r  therrnal/oxidative and W protec t ion?  

Spec i f i c  companies contacted included Mobay Chemical Co., H . J .  Quinn 

Co., Henkel Corporation, Morton Chemical Company and Upjohn Chemical Company. 

Information on s t a b i l i z e r s  w a s  a l s o  obtained from Borg Warner, American Cyan- 

amide, and Ciba Geigy. 

S t i l l ,  t h e  only commercially a v a i l a b l e  a l i p h a t i c  urethane cas t ing  

syrup i s  t h e  Quinn 621/626 system. 

months ago is  not  a commercial product.  

o f f e r  no a l i p h a t i c  systems t h a t  would be usable  i n  t h i s  appl ica t ion .  

no off-the-shelf products t h a t  could b e  used, however they showed i n t e r e s t  

i n  having a meeting a t  Springborn i n  t h e  f u t u r e  t o  discuss  t h e  requirements 

more f u l l y  and possibly o f f e r  a spec ia l i zed  product f o r  t h i s  purpose. They 

suggest t h a t  products could r e s u l t  based on t h e i r  Desmodur L-2291A ( f u l l y  

hydrogenated methylene diphenyl di isocyanate)  o r  from adducts employing 

hexamethylene dissocyanate  (HMDI). Mobay w i l l  be contacted i n  t h e  f u t u r e  f o r  

a meeting. 

The Henkel material (MX-152) received a few 

Upjohn and Morton Chemical Companies 

Mobay has  

Cata lys i s  of t hese  systems i s  more of a problem than with t h e  aromatic 

r e s ins .  Al ipha t ic  urethanes are known f o r  being s luggish  i n  terms of t h e i r  

polymerization t i m e s .  

compounds, espec ia l ly  d i b u t y l  t i n  d i l a u r a t e .  This c a t a l y s t  i s  s p e c i f i c a l l y  

recommended f o r  t h e  Quinn system and may b e  var ied  i n  amount t o  change the  

g e l  t i m e s  ( t y p i c a l l y  30 min). 

more successfu l  than stannous oc toa te  or  z inc  octoate .  Amine c a t a l y s t s  should 

be  avoided due t o  co lor  formation upon aging and weathering. 

The most widely recommended c a t a l y s t s  are t h e  t i n  

Manufacturers agree t h a t  t h i s  compound i s  much 
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Some good i n p u t  w a s  ob ta ined  concerning s t a b i l i z a t i o n  of a l i p h a t i c  

urethanes.  

0.5 phr  Tinuvin 770, 0.5 p h r  Tinuvin 328, 0.1 phr  I rganox  1010. 

bo th  companies to b e  a s y n e r g i s t i c  combination t h a t  h a s  a minimal  e f f e c t  on t h e  

c u r e  of t h e  resin.  

0.5 phr Cyasorb W-5411 ( a  b e n z o t r i a z o l e )  w i th  about  0.1 p h r  o f  Cyanox 1735, 

a pheno l i c lphosph i t e  combina t ion  as t h e  a n t i o x i d a n t -  

materials are b e i n g  s u p p l i e d  and w i l l  b e  evaluated upon arrival. 

Mobay and Ciba-Geigy b o t h  recommended t h e  s a m e  s y s t e m  as follows; 
Th i s  is  f e l t  by 

American Cyanamide o f f e r e d  a d i f f e r e n t  fo rmula t ion ;  

Samples of a l l  t h e s e  

E thy lene  / methyl acrylate 

The f u l l y  compounded v e r s i o n  of ethylene-methyl acrylate copolymer 

( formula t ion  A118771 w a s  r u n  through t h e  Brabender l a b o r a t o r y  e x t r u d e r  t o  

determine t h e  p r o c e s s i n g  c o n d i t i o n s  r e q u i r e d  t o  produce a n  ex t ruded  shee t  

s u i t a b l e  f o r  t h e  l a m i n a t i o n  approach t o  module f a b r i c a t i o n .  

coun te rpa r t ,  t h e  r e s i n  p e l l e t s  ( type  2205) w e r e  tumble b lended  w i t h  t h e  

peroxide and s t a b i l i z i n g  a d d i t i v e s  and run d i r e c t l y  i n t o  t h e  hopper  of t h e  

ex t ruder .  

c o n t r o l l a b l e  than  EVA and may b e  ex t ruded  i n  t h i n n e r  gauges. 

proceded smoothly a t  a b a r r e l  t empera ture  of 100°C and a d i e  tempera ture  of 

approximately 80°C. 

speed as t h e  EVA, w i t h '  a barrel r e s i d e n c e  rime of approx ima te ly  3-4 minutes. 
Sheet r e s u l t i n g  from t h i s  ex t rus ion  procedure w a s  cured and analyzed 

As w i t h  t h e  EVA 

The r e s u l t i n g  s h e e t  materials w a s  of good q u a l i t y ,  more e a s i l y  

Ex t rus ion  

The throughput  was s t eady  and approximate ly  t h e  same 

for g e l  content.  A low g e l  content of only 40% r e s u l t e d .  This is f e l t  t o  

be  due t o  t h e  h igher  m e l t  v i s c o s i t y  of t h e  EMA r e s i n  and i n s u f f i c i e n t  blending 

of t h e  peroxide during t h e  ex t rus ion  process.  This problem is  expected t o  

disappear with t h e  use of t h e  l a r g e  (2 1/2") extruder and prepara t ions  are 

i n  progress f o r  a t r i a l  run of 50 t o  150 pounds of r e s i n ,  The higher m e l t  

index r e s i n  (TD 938) w a s  ordered from Gulf O i l  Chemicals Inc. i n  s u f f i c i e n t  

quan t i ty  t o  r eva lua te  t h e  formulation on a labora tory  s c a l e  and a l s o  f o r  t h e  

l a r g e  t r i a l  run. This new material (melt index 6 as opposed t o  2) was compounded 

i n  t h e  same manner a s  the previous copolymer and extruded without d i f f i c u l t y .  

G e l  contents obtained with t h i s  formulat ion w e r e  found t o  b e  i n  t h e  range of 

74-78%. The blending p rope r t i e s  of t h i s  r e s i n  a r e  f e l t  t o  be super ior  and 

f u t u r e  formulations w i l l  be based on i t .  
-27- 
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Springborn Laborator ies  a n t i c i p a t e s  t h a t  i n d u s t r i a l  evaluat ion q u a n t i t i e s  

of compounded and extruded po t t an t  grade EMA w i l l  become ava i l ab le  wi th in  the  

next th ree  months per iod of t i m e .  
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V I . .  CONCLUSIONS 

1. Survey w a s  made of elastomers t h a t  could have p o t e n t i a l  as 

gasket materials f o r  u se  as t h e  support ing edge and carrier of  t h e  photo- 

v o l t a i c  module. The most cr i t ical  p rope r t i e s  are t h e  need f o r  low compression 

set and low cos t .  O f  t h e  fou r  elastomers of i n t e r e s t -  EPDM, Neoprene, EVA 

and s i l i c o n e  - EPDM elastomers  are t h e  most cos t  e f f ec t ive .  EPDM is t h e  

p r inc ipa l  elastomer used f o r  automative weather-stripping. A survey w a s  

f i r s t  conducted i n t o  t h e  sources  of EPDM elastomers and companies with t h e  

capab i l i t y  of supplying f in i shed  goods. 

who supply gaske ts  s p e c i f i c a l l y  f o r  t h e  s o l a r  indus t ry .  

Nine companies were i d e n t i f i e d  

2. A s tudy  w a s  a l s o  made of t h e  commercial a v a i l a b i l i t y  of s ea l an t s .  

Sealants  are requi red  t o  seal t h e  edge of t h e  photovol ta ic  module between 

t h e  module edge and t h e  rubber  gasket  surrounding it. 

are believed t o  b e  a b e t t e r  choice due t o  t h e i r  a b i l i t y  t o  import a s e l f -  

hea l ing  c h a r a c t e r i s t i c .  Major manufacturers were i d e n t i f i e d  and contacted 

f o r  products having t h e  des i red  p rope r t i e s .  Two general  types of  s ea l an t s  

o f f e r  t h e  h ighes t  potent ia l - tape? and low solvent  systems. Butyl  s e a l a n t s  

appear t o  have t h e  most d e s i r a b l e  cost/performance c h a r a c t e r i s t i c s .  Four 

major types of s e a l a n t s  are a v a i l a b l e  i n  the  market - hot  m e l t s ,  hardening 

and non-hardening, tapes  and caulks.  Since it is not y e t  poss ib l e  t o  i d e n t i f y  

a f i n a l  compound t h a t  optimizes costlperformance, t h i s  survey is continuing. 

Non-curing s e a l a n t s  

3.  Development of both laminating and cas t ing  type p o t t a n t s  i s  continuing. 

EMA (ethylene/methyl acrylate copolymer) compound ( Gulf Chemicals) containing 

peroxide and s t a b i l i z e r s  and based on a two m e l t  index r e s i n  w a s  e a s i l y  

extruded but  on cur ing  gave only a 40% g e l  content .  

W, however,yielded a 76% ge l .  

material. 

Use of a s ix  m e l t  index 

Future  formulations w i l l  be based on t h i s  
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4. Two cas t ing  po t t an t s  w e r e  i nves t iga t ed  - a l i p h a t i c  polyurethane and 

bu ty l  acrylate. 

as w e l l  as t h e  need of having a back-up material f o r  b u t y l  acrylate cas t ing  

syrup. 

present ly  a v a i l a b l e  is  from Quinn. 

mental. 

t h e  aromatic because of s luggish  r eac t ion  rates. 

more W s t a b l e  and e f f o r t s  w i l l  cont inue t o  develop a u s e f u l  system. 

Al ipha t i c  polyurethanes were surveyed due t o  general  i n t e r e s t  

A number of companies w e r e  contacted but  t h e  only commercial urethane 

A urethane from Henkel is  s t i l l  experi-  

Cata lys i s  of an a l i p h a t i c  urethane is more of a problem than wi th  

However, t h e  a l i p h a t i c  is  

5. Improved formulations f o r  polybutyl  acrylate, a - l i q u i d  po t t an t  used 

i n  t h e  cas t ing  encapsulat ion process  have been developed. 

providing 68% g e l  after one hour cu re  a t  60°C w a s :  

A new formulation 

Butyl a c r y l a t e  monomer 60% 

Butyl acrylate polymer 352 
1, 6 - Hexanediol a c r y l a t e  5% 

Further  experiments w e r e  conducted t o  f ind  a room or lower temperature 

cur ing system. A wide v a r i e t y  of pot  l i v e s  , cure  temperatures and cure t i m e s  

are a v a i l a b l e  with t h i s  r e s i n  system including room temperature cures  with 

Vazo 33W combined with promoters. The bes t  i n i t i a t o r  takin): i n t o  considerat ion 

physical  p rope r t i e s  of t h e  cured polybutyl  a c r y l a t e  is  probably Lupersol-11. 

Lupersol-11 formulations have good t e n s i l e  s t r eng th  and elongat ion,  no gas 

generat ion,unl ike azo compounds, long pot  l i f e  and 20 minute cure  a t  45°C or 

1 2  minute cure  a t  55Oc. 
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Table 8 

ELASTOMERS FOR SOLAR MODULES 

C W S  PS EIASTOI¶EX SCREENING TESTY 

Ultinuta 
Elongation 
Change2 

C&6S Ps Hardness' U l c ~ c e  
K.tUi.l Grade Elongaeion 

Silicone 
SE-7550 S P+ 
S l l u c i c  747 7 P 
Bs-70 . 7 !?+ 

P* 
P+ 
P 

P+ 
P+ 
P+ 

P+ 
P+ 
P+ 

P+ 

P+ 
P 

P+ 

P+ 
P 

P+ 

P+ 
P 

EPDX 
e-633 
78E-09-28-2 

- 
tiordal 3300-11 
Fluorocarbon 

Vi tam 31323-0731 
v i m  PLV 1008 
gpichloro hydrin 
Ex 14-10-1 
Yn 13-SEC3-2 

Bn U-27-1 
Ethylene Acmlic 

V-C 3300-12 

P+ 
P+ 
P+ 

P+ 
P+ 

P- 
P 
P 

F- 
F- 
P+ 

F- 
F- 
P+ 

P 
F- 
P+ 

F- 
F' 
P+ 

P 
P+ 
P+ 

P+ 
P+ 

P+ 
P+ 

P+ 
P+ 

P+ 
P+ 

P+ 
P+ 

8 

8 
F- 
P- 

P+ 
P+ 
P+ 

P' 
F 
P 

P+ 
P+ 
P+ 

P 

P 

F 

P 

P 

F 

P 
P* 
P 

F- 
P 
F- 

P* P+ 7 P P- Pt F F- 
GblomauLfoniced Polyethvlene 
Hypalon 3300-10 7 4  P+ 
Polvacryllc 
210-108-35-1 6-7 F 

P+ P- P- P+ P+ P 

P+ P+ P+ P+ P+ P 
Bromobutyl 

8Ex-122 
Butyt 
8Ex-u3 
3 8  35020 

P+ P- 6 P P F F P 

S-6 P+ 
5 P+ 

P+ 
F- 

P+ 
P+ 

P+ 
P e  

P+ 
P- 

F- 
P+ 

P- 
F 

'(Rardners grade x LO) 2 9 * Shore A durwerer bardnera 

%acarids axpored to 150*C/70 b 

P - pas. by rstacively &MU margin 
P+- pa66 by substauciirl m a q i n  
P * fa i l  by relatively 9Deu margin 

F-* fail by subscancia1 margin 

Source  : M. A. Mendelsohn, e t  al., Collector Sealants and 
Breathing , Repor t  number ALO-15362-1 , by 
Westinghouse E l e c t r i c  Corporation', Pittsburgh, Pa. , 
Feb.  20, 1980 . Work pe r fo rmed  under contract no. 
DE-AC04  -78CS15362 
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TABLE 9 

TYPICAL ELASTOMER FORMULATIONS AND COST 

Raw Material Costs 

Resin Gum Stocks: $ /Ib 

Neoprene WRT 1.23 
Vynathane EY- 9 0 4- 2 5 1.04 
Epsyn 5508 0.8625 
Epsyn N557 . 0.7080 
Silastic GP437 2.37 

Fillers : 
Carbon Black (typical) 0.50 
Clay (typical) 0.50 
Cabosil MS-7 2.77 
Process o i l  0.50 

Formulations (representative) 

1. Neoprene -weather resistant Cost: $0.87/lb. 
Neoprene WRT 
Carbon Black 
Clay 

100 
55 
20 

2. EPDM-Weatherstripping compound ($0.58/lb) 
Epsyn 5508 
Epsyn N557 
Carbon Black 
Process Oil 

70 
45 
200 
130 

3. EVA ($0.85/lb) 
Vynathene EY904-25 100 
Carbon Black 55 

Silastic GP-437 100 
Cabosil MS-7 65 

4. Silicone ($2.53/1b) 
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Table 10 

Solar Module Gaskets - Product Specification 
Typical Manufacturer's Literature 

ELASTOMER (POLYMER) SELECTION 
Exp.riena h a  shown *M mort rdw colkomr Wing  rpp(iadam am b.rt handled with an elastomer of either an EP 1'4 

PAWLING Eap EPDM 
Pawling Rubber has developad a high srrength EPDM elarclrmric mmrial specifically campounded to meet tha ohWical 

rwuiremrna of collacmr rrrling (glazing) where the nnnmmun ac fhe ssr/ will be 25ooF or less. A ma@rity of the collanors 
in use today M be a d ~ u n e h l  glarsd with our €633 EPOM, for although th8 h i m  antidpatad xagnm wnpwat!~re at tha 
collacmr platw surfs0 may ex& 3 W F .  the tempemure at tha nal will be lower. Coilwors naled (glazed) wvth gaskets 
made by Pawling ftom our E633 EPDM h m  pIIord the HUD thiny day stagnation tesx. 

or silicone bon. 

PAWLING 96-8-24 SILICONE I PAWLING Soap SILICONE 
Pawling Rubber has dewlopal this special siiiconr e&stomaric m r i a l  for we in solar applications when th. ramperatun 

JC &e c o m m r  will Eomtnualb excaed 3 W F .  This may be tha CIW with wamn or tharmal breaks in ODM.CI with or in 
vm close proximiry to tha coll.emr p h ,  or on SON innar suls in dwbk glazed unia. Collmors w i ld  (glazed) with 
ga$kats made by Pawling ffun our 96-6.834 a d  80823 Silianr h.w pawed the HUD rhirry doy stagnation iorp. 

The phyriulhamristicsand s&?ecificnionr applying~oPawlinq E633 EPOM and Pawling 96.8-24 and 80623 S i f i c w  an 
lbad Bslow s thn You mty hwe mom s w i n g  dercrimims of the mlrsriab to comrme the rmngths and limirstions of each. 

COMPARATIVE DATA 
Rrvling 806P Silkow 
Pading 96-8-24 Silicaw Pawling E633 E P W  

WVmR 
R- To: wn(.a-e ps(nibrrrP0tyrnr Them Tsmwrawn ranges am n- 

commanded limits for normal nwim 
W m r A b o r m i a  EXCdkn EXCdlrtr ti*. Ocodonal or interminant temper- 
OXantMI Exaim Euelhnn amre expasure above then limitr m y  
OIOM *-in0 -no causs slight a c m l A  heat aging 
WYt w w  -in0 Exe*lrtr which mlts in some hardening and 

Ion of flexibility of dut pwtion of 
H a t  -no Exalhnt ouaanding the pan axposed to the high rmw. 
LouTemwren~rn Pxaihnn -np awn. H-r, the SUI will not am8 

u r n  ViO(n) 

T n n ~ n u n  R*y* -spOf to +3@f' -Soof m +5ooof funclioning. 
A I b a r n d  H a  Wkin Exaim 

cacd ExUthnn Euellrn 
VolitlliZnion loureclpingt - U d  as ReMnmanded, ouqlreing of E633 UIDM. 988-24 and 80823 silicone is iMnim#cd. 
No n#.lwr#. light mnsmisswn degradarmn has been n o d  in the fieid or Ilbomwy. 
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Table bl 

Typical Manufacturer's Literature 
Solar Module Gaskets - Design Application 

SOLAR 

n. 

A 7 Y P l C A L  COLLECTOR ASSWBLY SHOWING 
USE OF fAMJNG EL4STOMERIC 

ONE PlECE 
W K n S  HAVE 

4 FULLY MOUSED CORNEAS 

GLAtlNG OETAlL wi* 
PAWLJNG SEAUNG 

i 

3 
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